INTRODUCTION
The genera Alcaligenes, Achromobacter, Bordetella and Pigmentiphaga belong to the b-Proteobacteria and are grouped together in the family Alcaligenaceae Yabuuchi et al., 1998; Blümel et al., 2001) . The genus Alcaligenes has undergone considerable changes since its creation in 1919 and is now limited to Alcaligenes faecalis (the type species), Alcaligenes latus and Alcaligenes defragrans (Yabuuchi et al., 1998; Foss et al., 1998; Palleroni & Palleroni, 1978) . Alcaligenes faecalis has been isolated from a wide variety of ecological niches including soil, water and various clinical samples . Alcaligenes defragrans strains have been isolated from soil and can use alkenoic monoterpenes as sole carbon source (Foss et al., 1998) . Alcaligenes latus was considered a species insertae sedis by , and recent data have shown that this organism is closely related to the genera Rubrivivax and Ideonella and thus belongs to the Comamonadaceae (T. Coenye and P. Vandamme, unpublished data) . The taxonomy of the genus Alcaligenes is closely intertwined with the taxonomy of the genus Achromobacter, and several Alcaligenes species have recently been reclassified as Achromobacter species (Yabuuchi et al., 1998) . The genus Achromobacter now contains three species [Achromobacter xylosoxidans (the type species), Achromobacter piechaudii and Achromobacter ruhlandii]. According to Yabuuchi et al. (1998) , the species Achromobacter xylosoxidans encompasses two subspecies (Achromobacter xylosoxidans subsp. denitrificans and Achromobacter xylosoxidans subsp. xylosoxidans), but this contradicts previous work showing that there was sufficient evidence (including DNA relatedness studies) to allow the two taxa to be considered as distinct species (Vandamme et al., 1996) . Below, we refer to these taxa as Achromobacter xylosoxidans and Alcaligenes denitrificans, respectively. Achromobacter xylosoxidans is an opportunistic human pathogen capable of causing a wide variety of infections and is widespread in oligotrophic aquatic niches . Alcaligenes denitrificans strains are found in soil but can
The GenBank accession numbers for the 16S rRNA gene sequences of strains LMG 5890 and LMG 5906 T are respectively AY131212 and AY131213.
Protein profiles of the Kerstersia strains, fatty acid compositions of the strains studied and MIC values of the Kerstersia strains are available as supplementary material in IJSEM Online.
occasionally also be found in human clinical samples . Achromobacter piechaudii has been isolated from soil and human clinical samples, including blood (Kiredjian et al., 1986) . Achromobacter ruhlandii is a soil commensal and is not known to be pathogenic to humans . The genus Bordetella was described in 1952 (Moreno-Lopéz, 1952) and originally contained three species: Bordetella pertussis (the type species), Bordetella parapertussis and Bordetella bronchiseptica. B. pertussis is the causative agent of whooping cough, and B. parapertussis is closely related to B. pertussis but causes a milder form of disease (Pittman, 1984) . B. bronchiseptica is traditionally isolated from the respiratory tract of wild and domestic animals, but this organism can occasionally cause respiratory tract infections in humans as well (Pittman, 1984) . Several novel Bordetella species have been described since then: Bordetella avium (isolated from the respiratory tract of turkeys and other birds; , Bordetella holmesii (formerly CDC group NO-2, isolated from human blood; Weyant et al., 1995) , Bordetella hinzii (isolated from the respiratory tract of animals and humans; Vandamme et al., 1995) , Bordetella trematum (isolated from various human clinical samples, including blood and infected ears; Vandamme et al., 1996) and Bordetella petrii (isolated from an anaerobic bioreactor; von Wintzingerode et al., 2001) . Recently, a novel member of the family Alcaligenaceae was described, Pigmentiphaga kullae (Blümel et al., 2001) . This organism was isolated from soil and is capable of the aerobic degradation of azo dyes.
We performed a polyphasic taxonomic study to elucidate the taxonomic position of nine isolates, from human clinical samples, that phenotypically resembled Alcaligenes faecalis, and show that these isolates belong to a novel genus, for which we propose the name Kerstersia. On the basis of previously published data, we also propose the formal reclassification of Alcaligenes denitrificans Rüger and Tan 1983 as Achromobacter denitrificans comb. nov.
METHODS
Bacterial strains and growth conditions. The Kerstersia strains used in this study are listed in Table 1 . Reference strains of other taxa have been described previously (Vandamme et al., , 1996 Foss et al., 1998; Yabuuchi et al., 1998) . All strains were grown aerobically on trypticase soy agar (BBL) at 37 uC unless otherwise indicated.
SDS-PAGE of whole-cell proteins. Strains were grown on trypticase soy agar for 48 h at 37 uC. Preparation of whole-cell proteins and SDS-PAGE were performed as described previously (Pot et al., 1994) . Densitometric analysis, normalization and interpolation of the protein profiles, as well as numerical analysis using Pearson's product-moment correlation coefficient, were performed using the GelCompar 4.2 software package (Applied Maths).
16S rDNA sequencing. DNA was prepared by heating one or two colonies at 95 uC for 15 min in 20 ml lysis buffer containing 0?25 % (w/v) SDS and 0?05 M NaOH. Following lysis, 180 ml distilled water was added to the lysate. The sequences of the 16S rRNA genes of strains LMG 5890 and LMG 5906 T were determined as described previously (Coenye et al., 1999) . Phylogenetic analyses and bootstrap analysis (1000 replicates) was performed using the KODON 1.5 software package (Applied Maths); a phylogenetic tree was constructed using the neighbour-joining method (Saitou & Nei, 1987) .
Preparation of high-molecular-mass DNA and DNA-DNA hybridization experiments. Preparation of high-molecular-mass DNA for DNA-DNA hybridization experiments and the determination of the degree of DNA-DNA binding by the initial renaturation rate method were performed as described previously (Vandamme et al., 1992; De Ley et al., 1970) . Each value given is the mean of at least two hybridization experiments. The total DNA concentration was 65 mg ml 21 and the optimal renaturation temperature in 26 SSC (16 SSC is 0?15 M NaCl plus 0?015 M sodium citrate, pH 7?0) was 79 uC. Alternatively, high-molecular-mass DNA was prepared as described by Pitcher et al. (1989) , and DNA-DNA hybridizations were performed with photobiotin-labelled probes in microplate wells, as described by Ezaki et al. (1989) , using an HTS7000 Bio Assay Reader (Perkin-Elmer) for the fluorescence measurements. The hybridization temperature was 50 uC. Reciprocal experiments were performed for every pair of strains.
Determination of DNA base composition. DNA (prepared as described above) was enzymically degraded into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated by HPLC using a Waters SymmetryShield C8 column thermostatted at 37 uC. The solvent was 0?02 M NH 4 H 2 PO 4 (pH 4?0) with 1?5 % acetonitrile. The detector used was a Waters model 484 UV-VIS absorbance detector set at 270 nm. Non-methylated l phage DNA (Sigma) was used as the calibration reference.
Fatty acid methyl ester analysis. After an incubation period of 24 h at 35 uC, a loopful of well-grown cells was harvested and fatty acid methyl esters were prepared as described previously (Vandamme et al., 1992) , separated and then identified using the Sherlock Microbial Identification System (version 3.0; MIDI).
Phenotypic characterization. API galleries (API 50 CH, API 50AO and API 50AA; bioMérieux) were used to determine the assimilation of 147 organic compounds as sole carbon sources, as described previously . Classical phenotypic tests were performed as described by Vandamme et al. (1993) . API 20NE tests were performed according to the recommendations of the manufacturer (bioMérieux 
RESULTS AND DISCUSSION
Phylogenetic position and structure of the genus Kerstersia
The reproducibility of SDS-PAGE of whole-cell proteins was checked by preparing protein extracts in duplicate; the level of correlation between the patterns was more than 93 % (data not shown). After numerical analysis and visual comparison of the profiles, three clusters could be delineated, while isolate LMG 5890 and reference strains of Bordetella, Alcaligenes and Achromobacter species occupied separate positions in the dendrogram (Fig. 1) were below 96?4, 95?1, 94?8 and 93?5 %, respectively. The stability of the cluster (indicated by a bootstrap value of 100 %) and the relatively low similarity values towards the closest related genera warrant the inclusion of these isolates in a novel genus, for which we propose the name Kerstersia. Numerical analysis and visual comparison of the protein profiles suggested that there were two different genomic groups present within the genus Kerstersia. Since the similarity of the 16S rDNA of representative isolates of the two protein electrophoretic groups was above 98?3 %, DNA-DNA hybridizations were performed to clarify their relatedness (Stackebrandt & Goebel, 1994) . The results from these DNA-DNA hybridization experiments confirmed that the two major protein electrophoretic groups (one containing the strains belonging to cluster I and one containing the strains belonging to clusters II and III) formed two separate genomic species. Biochemically, the two genomic species were indistinguishable. At this time, we propose the formal binomial name Kerstersia gyiorum gen. nov., sp. nov. for the isolates belonging to protein electrophoretic clusters II and III. Pending the availability of differential biochemical characteristics, LMG 5890, LMG 5891 and LMG 5892 are classified as Kerstersia spp.
Identification of members of the genus Kerstersia
Several previous studies have shown that species of the genera Alcaligenes, Achromobacter and Bordetella can be identified using SDS-PAGE of whole-cell proteins Vandamme et al., 1995 Vandamme et al., , 1996 . This was confirmed in the present study. In addition, our data also indicated that SDS-PAGE of whole-cell proteins can be used to distinguish the two genomic groups present in the genus Kerstersia from each other and from related taxa. Using whole-cell fatty acid analysis, Kerstersia can be separated from other members of the Alcaligenaceae by the absence of 12 : 0 2-OH and by the large relative amounts of 18 : 1v7c. Biochemically, members of the genus Kerstersia are difficult to separate from other members of the Alcaligenaceae. In contrast to Kerstersia spp., most Achromobacter strains are oxidase-positive and assimilate aesculin and meso-tartrate, while most Bordetella strains are oxidasepositive and do not assimilate caprate. P. kullae does not assimilate phenylacetate but does assimilate adipate. Phenotypic characteristics useful for the differentiation of K. gyiorum from related taxa are shown in Table 3 .
Taxonomic status of Alcaligenes denitrificans Rü ger and Tan 1983
According to Yabuuchi et al. (1998) , Alcaligenes denitrificans should be classified as a subspecies of Achromobacter xylosoxidans, based on intermediate DNA-DNA binding values between the two type strains and the results of 16S rDNA sequence analysis. However, previous work (Kiredjian et al., 1981; Vandamme et al., 1995 Vandamme et al., , 1996 has shown clearly that strains of the two subspecies of Achromobacter xylosoxidans can be easily differentiated by DNA-DNA relatedness studies, whole-cell protein and fatty acid analysis as well as by phenotypic characteristics. These conclusions are again substantiated in the present study. It is therefore justified to reclassify Alcaligenes denitrificans Rüger and Tan 1983 as Achromobacter denitrificans comb. nov.
Description of Achromobacter denitrificans comb. nov.
The description of Achromobacter denitrificans is the same as the description given by for Alcaligenes xylosoxidans subsp. denitrificans. Gram-negative, small (1-2 mm long), coccoid cells that occur as single units, in pairs or in short chains. Motility is strain dependent. On nutrient agar, colonies are flat or slightly convex with smooth margins with a colour ranging from white to light brown. Catalase activity, but not oxidase, urease or b-galactosidase activity, is observed. Growth is observed at 28 and 42 u C. Additional biochemical characteristics are given above (see Results). MIC values for a number of antibiotics are shown in Supplementary Table B in IJSEM Online. The following fatty acid components are present: 14 : 0, 14 : 0 2-OH, 16 : 0, 17 : 0 cyclo, 18 : 0, 18 : 1v7c, 19 : 0 cyclo v8c, summed feature 2 and summed feature 3. The G+C content is 61?5-62?9 mol%. Strains of this genus have been isolated from various human clinical samples. The type species is Kerstersia gyiorum.
Description of Kerstersia gyiorum sp. nov.
Kerstersia gyiorum (gy.i.o9rum. Gr. n. gyion limb; N.L. gen. n. gyiorum from the limbs, referring to the fact that the majority of strains were isolated from human leg wounds).
The description is the same as for the genus. Additional characteristics are the assimilation of caprylate and the absence of assimilation of isobutyrate, isovalerate, glutarate, adipate, pimelate, suberate, azelate, sebacate, levulinate, 2ketoglutarate, citraconate, itaconate, mesaconate, aconitate, L-leucine, L-isoleucine, L-valine, DL-norvaline, L-threonine, L-cysteine and L-methionine. The G+C content is 62?7-62?9 mol%. The type strain, LMG 5906 T (=API 184-2-84 T =CCUG 47000 T ), was isolated from a human ankle wound. Characteristics for the type strain are the same as described above for the species. In addition, the type strain can use L-norleucine. The G+C content of the type strain is 62?9 mol%. All K. gyiorum strains reported in this study have been deposited in the BCCM/LMG Bacteria Collection (Laboratorium voor Microbiologie, Gent, Belgium) and the CCUG (Department of Clinical Bacteriology, Göteborg, Sweden).
